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1 . A method for synchronizing a plurality of piezoelectric crystals on a 
corresponding plurality of ink jet printheads comprising the steps of: 

embedding a first clock signal in data; 

communicating said data to each of said printheads; 

deriving said first clock signal from said data by said printheads; 

generating a second clock signal from said first clock signal by said 
printheads; and 

driving corresponding piezoelectric crystals with said second clock 

signal. 

2. The method of claim 1 , wherein said plurality of printheads are coupied 
together in a daisy-chain configuration to form a printhead daisy-chain. 

3. The method of claim 2, wherein said communicating step includes the 
steps of: 

transmitting said data to a first one of said printheads in said printhead 
daisy-chain; and 

receiving and retransmitting said data to a next one of said printheads 
in said printhead daisy-chain by said printheads, until said data is 
retransmitted to a last one of said printheads in said printhead daisy-chain. 

4. The method of claim 3, wherein said second clock signal includes a 
phase and a frequency, and the method further comprises the step of: 

adjusting said phase of said second clock signal, by said printheads, 
according to a time it takes for said data to be received by said printheads. ' 

5. The method of claim 3, wherein a printer controller is coupled to a first 
one of said printheads in said printhead daisy-chain and said printer controller 



performs said embedding and transmitting steps. 



6. 



method of claim 4, wherein said printer controller is coupled to 
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said last one of said printheads in said printhead daisy-chain, and said 
communicating step includes the step of retransmitting said data from said 
last printhead in said printhead daisy-chain to said printer controller. 

7. The method of claim 6, wherein said plurality of printheads are coupled 
together with serial datalinks, said printer controller is coupled to said first 
printhead on said printhead daisy-chain with a serial datalink, and said printer 
controller is coupled to said last printhead on said printhead daisy-chain with 
a serial datalink. 

8. The method of claim 7, wherein said serial datalinks are fiber optic 
links. 

9. The method of claim 8, wherein: 

said data is transmitted in said transmitting step using a self-clocking 

data transmission code; and 

said data is transmitted in all of said retransmitting steps using said 
self-clocking data transmission code. 

1 0. The method of claim 7, wherein said first clock signal is generated by a 
single clock source on said printer. 

11. The method of claim 7, wherein: 

said data is transmitted in said transmitting step using a self-clocking 
data transmission code; and 

said data is transmitted in all of said retransmitting steps using said 
self-clocking data transmission code. 

12. The method of claim 1 , wherein said second clock signal includes a 
phase and a frequency/ and the method further comprises the step of: 

adjusting said phase of said second clock signal, by said printheads, 
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according to a time it takes for said data to be communicated to said 
printheads. 



1 3. The method of claim 1 , wherein said generating step includes the 
steps of: 

clocking a free running counter with said first clock signal, said counter 
having a count output; 

translating said count output to a voltage amplitude level value 
corresponding to a respective point along a sinusoidal voltage signal period- 
and 

converting said voltage amplitude level value to an analog voltage. 

14. The method of claim 13, further comprising the step of initializing said 
counters with a preload value, said preload value being defined according to 
a time it takes for said data to be communicated to said printheads. 

15. The method of claim 13, further comprising the step of amplifying said 
analog voltage. 

16. The method of claim 1, wherein said plurality of printheads are coupled 
to a printer controller in a star configuration, where said printer controller is at 
a hub of said star configuration and is coupled to each of said printheads with 
individual data links. 

17. "A system for dispatching bitmap data to a plurality of printheads and 
for controlling said plurality of printheads, comprising: 

a controller including a processing circuit for generating the bitmap 
data, an output port, and an input port; 

a plurality of printhead communication circuits, each of said 
communication circuits including an input port, an output port, a bitmap data 
transfer circuit, and a piezoelectric clock generation circuit for generating a 
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piezoelectric clock source; 

each of said input and output ports of said communication circuits 
being coupled together with said input and output port of said controller by a 
plurality of data links arranged in a daisy-chain configuration; and 

each of said bitmap data transfer circuits being coupled to a 
corresponding one of the printheads to provide the bitmap data to said 
corresponding printhead, and each of said piezoelectric clock generation 
circuits being coupled to said corresponding printhead to provide a 
piezoelectric clock source for said corresponding printhead. 

1 8. The system of claim 1 7, wherein: 

said controller includes an encoder circuit, coupled to said output port 
of said controller, for encoding raw digital data and a first clock source into a 
data transmission code to be transmitted by said output port of said controller; 
and 

each of said printhead communication circuits include a decoder circuit 
for decoding said data transmission code back into said raw digital data and 
into said first clock source, said decoder circuit having a data input coupled to 
said input port of said printhead communication circuit, a clock output coupled 
to said piezoelectric clock generation circuit for communicating said first clock 
source to said piezoelectric clock generation circuit, and a data output 
coupled to said bitmap data transfer circuit for communicating at least a 
portion of said raw digital data to said bitmap data transfer circuit; 

wherein each of said piezoelectric clock sources are generated from 
said first clock source by said piezoelectric clock generation circuit 

1 9. The system of claim 1 8, wherein said plurality of data links are serial 
data links. 

20. The system of claim 19, wherein said serial data links are fiber. optic 
data links. 
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21. The system of claim 20, wherein each of said printhead communication 
circuits include a message processing circuit coupled to said data output of 
said decoder circuit, said message processing circuit being configured to 
monitor said raw data and to execute commands embedded in said raw data, 
whereby said controller controls the dispatching of the bitmap data to the 
plurality of ink jet printheads by embedding said bitmap data and said 
commands into said raw data. 

22. The system of claim 21 , wherein each of said printhead communication 
circuits include an encoder circuit coupled to said message processing circuit 
and coupled to said output port of said printhead communication circuit, 
wherein said message processing circuit is further configured to send said 
raw data to said encoder circuit of said printhead communication circuit which 
re-encodes said raw data into re-encoded data and which then sends said re- 
encoded data to said output port of said printhead communication circuit such 
that said re-encoded data is re-transmitted by said printhead communication 
circuit 



23. The system of claim 21 , wherein each of said printhead communication 
circuits include at least one input discrete line coupled to said corresponding 
printhead and at least one output discrete line coupled to said corresponding 
printhead, and said message processing circuit is further configured to 
transmit a signal on said output discrete line or poll a signal on said input 
discrete line responsive to one of said commands. 

24. The system of claim 1 8. wherein said piezoelectric clock generating 
circuit includes: 

a counter for generating a plurality of count values, having a clock 
input coupled to said clock output of said decoder circuit and a count value 
output; 

a memory circuit having an internal look-up table, a count value input 
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coupled to said count value output of said counter, and a voltage amplitude 
value output, said look-up table having a corresponding voltage amplitude 
value for each of said count values and said memory circuit being configured 
to set said voltage amplitude value output by consulting a count value 
received on said count value input with said look-up table; and 

an digital-to-analog converter having a digital input coupled to said 
vottage amplitude value output and a piezoelectric clock source output. 

25. The system of claim 24, wherein said piezoelectric clock generation 
circuit includes a frequency divider device coupled between said clock input 
of said counter and said clock output of said decoder circuit. 

26. The system of claim 25, wherein said piezoelectric clock generation 
circuit includes a voltage amplifier coupled between said piezoelectric clock 
source output of said digital-to-analog converter and said corresponding ink 
jet printhead. 

27. The system of claim 24, wherein 

said piezoelectric clock generation circuit includes a preload register 
coupled to a preload input of said counter; 

each of said printhead communication circuits include a message 
processing circuit coupled to said data output of said decoder circuit, said 
message processing circuit being configured to monitor said raw data and to 
execute commands embedded in said raw data; 

said message processing circuit being further configured to update 
said preload register in the course of executing one of said commands; and 

whereby said controller can control the phase of said piezoelectric 
source by embedding said commands into said raw data. 

28. The system of claim 24, wherein 

said printhead communication circuit includes a dispatch circuit and a 
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registration circuit; 

said counter includes a digital clock output corresponding to a most 
significant bit of said count value output; and 

said digital clock output is coupled to a clock input of said dispatch 
circuit and a clock input of said registration circuit; 

whereby, operations of said registration circuit and said dispatch circuit 
will be synchronized with said piezoelectric clock source. 

29. A sysfem ^ 

for controlling said plurality of printheads, comprising: 

a controller including a processing circuit for generating the bitmap 
data, an output port, and an input port; 

a plurality of printhead communication circuits, each of said 
communication circuits including an input port, an output port, a bitmap data 
transfer circuit, and a piezoelectric clock generation circuit for generating a 
piezoelectric clock source; 

each of said input and output ports of said communication circuits 
being coupled to said input and output port of said controller; and 

each of said bitmap data transfer circuits being coupled to a 
corresponding one of the printheads to provide the bitmap data to said 
corresponding printhead. and each of said piezoelectric clock generation 
circuits being coupled to said corresponding printhead to provide a 
piezoelectric clock source for said corresponding printhead. 

30. The system of claim 29, wherein: 

said controller includes an encoder circuit, coupled to said output port 
of said controller, for encoding raw digital data and a first clock source into a 
data transmission code to be transmitted by said output port of said controller 
and 

each of said printhead communication circuits include a decoder circuit 
for decoding said data transmission code back into said raw digital data and 
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into said first clock source, said decoder circuit having a data input coupled to 
said input port of said printhead communication circuit, a clock output coupled 
to said piezoelectric clock generation circuit for communicating said first dock 
source to said piezoelectric clock generation circuit, and a data output 
coupled to said bitmap data transfer circuit for communicating at least a 
portion of said raw digital data to said bitmap data transfer circuit; 

wherein each of said piezoelectric clock sources are generated from 
said first clock source by said piezoelectric clock generation circuit. 

31 The system of claim 30. wherein each of said input and output ports of 
said communication circuits are coupled together with said input and output 
port of said controller by a plurality of data links arranged in a daisy-chain 
configuration. 

32 The system of claim 30. wherein each of said input and output ports of 
said communication circuits are coupled to said input and output port of said 
controller by a plurality of data links arranged in a star configuration, where* 
said printer controller is at a hub of said star configuration. 

33. A high-speed ink jet'printing sys*ffi comprising: 

a printer controller including a processing circuit for generating 
rasterized bitmap data, a clock source, an output port, an input port, and an 
encoder circuit for embedding said clock source in data transmitted by said 
output port of said printer controller; 

a plurality of ink jet printheads, each of said printheads being 
positioned in a staggered formation along a web. and each of said printheads 
having a nozzle array for transferring a corresponding swath of an .mage to 
said web; and 

a plurality of printhead communication circuits, each of said 
communication circuits including an Input port, an output port, a bitmap data 
transfer circuit, a decoder circuit for extracting said clock source from data 
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received on said input port of said communication circuit, and a piezoelectric 
clock generation circuit for generating a piezoelectric clock source from said 
clock source extracted from said data received on said input port of said 
communication circuit; 

each of said input and output ports of said communication circuits 
being coupled together with said input and output ports of said controller by a 
plurality of data links arranged in a daisy-chain configuration; and 
each of said bitmap data transfer circuits being coupled to a 
corresponding one of the printheads to provide the bitmap data to said 
corresponding printhead, and each of said piezoelectric clock generation 
circuits being coupled to said corresponding printhead to provide a 
piezoelectric clock source for said corresponding printhead; 

whereby, all the piezoelectric clock sources will be synchronized with 
said clock source, thus facilitating electronic stitching of said image swaths to 
a sub-pixel level. 
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40. A method for generating a stroke frequency signal on a plurality of ink iet 
pnntheads arranged along a moving web. comprising the steps of- J 
embedding a web velocity signal indicative of web velocity in data- 
communicating said data to each of said printheads* 
deriving said web velocity signal from said data by said printheads- and 

41 ' ^ e JT eth0d ° f Claim 40, yamin ^ eenerating step includes the steps of 

«^2»S2E&' firct dock si9nal by saM printheads - - ^ 

calculating a preload value from said web velocity signal; and 
initializing counter with said preload value- 
whereby, said terminal count output wfll be the stroke frequency signal. 

42. The method of claim 41 , further comprising the steps of: 
embedding a second dock signal in said data- 

deriving said second dock signal from said data by said printheads- and 
generating sa.d first clock signal from said second dock sE 

•^ZiZS**, Sa 'f C ° J Un . terS ° n each of sald Pitheads are synchronized with said 
second clock signal and. in turn, with one another. ™ 23,3 

43. The method of daim 42. farther comprising the steps of- 
PrintheSS n9 8 Pie2 ° e,eCtriC dock **** fr ™ -W ^cond clock signal by said 

piezoeS^^^^ * sald P"^ad with said 

whereby said stroke frequency signal is synchronized with said piezoelectric 



45 

chain; and 



said printheads in said printed dalsy-cham. 
embedding and transmitting steps. 

daisy-chain to said printer controller. 
48. The 
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